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Studies that use the Iowa Gambling Task (IGT) and its age-appropriate versions as 
indices of affective decision-making during childhood and adolescence have demonstrated 
significant individual differences in scores. Our study investigated the association between 
general intellectual functioning and socioeconomic status (SES) and its effect on the 
development of affective decision-making in preschoolers by using a computerized version 
of the Children's Gambling Task (CGT). We administered the CGT and the Columbia Mental 
Maturity Scale (CMMS) to 137 Brazilian children between the ages of 3 and 5 years old 
to assess their general intellectual functioning. We also used the Brazilian Criterion of 
Economic Classification (CCEB) to assess their SES. Age differences between 3- and 
4-years-old, but not between 4- and 5-years-old, confirmed the results obtained by Kerr 
and Zelazo (2004), indicating the rapid development of affective decision-making during the 
preschool period. Both 4- and 5-years-old performed significantly above chance on blocks 
3, 4, and 5 of the CGT whereas 3-years-old mean scores did not differ from chance. We 
found that general intellectual functioning was not related to affective decision-making. On 
the other hand, our findings showed that children with high SES performed better on the 
last block of the CGT in comparison to children with low SES, which indicates that children 
from the former group seem more likely to use the information about the gain/loss aspects 
of the decks to efficiently choose cards from the advantageous deck throughout the task. 
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INTRODUCTION 

Cognitive ability and achievement throughout life has been 
intensely linked with socioeconomic status (SES) (Bradley and 
Corwyn, 2002; Noble et al., 2005). For instance, SES has a sig- 
nificant impact on early reading ability, even when controlling for 
phonological awareness (Noble et al., 2006). In terms of achieve- 
ment, the risk for children from low SES background to face 
school problems, such as grade repetition and dropping out of 
school is twice as high as in children from high SES background, 
and almost 50% higher for having a learning disability (Duncan 
and Brooks-Gunn, 2000). Furthermore, in a study carried out by 
Lawlor et al. (2006), family income in the year of the birth and 
parental education — indices related to SES — and breast feeding 
were the strongest predictors of intelligence at age 14. The persis- 
tence of poverty across generations may be a result of this gap in 
cognitive achievement between children from low and high SES 
(Farah et al., 2006). According to Bradley and Corwyn (2002), 
low SES represents an important disadvantage in childhood since 
it is associated with negative effects not only on cognitive attain- 
ment but also with socio-emotional development. They stated 
that there is evidence that children from low SES more frequently 



present symptoms of psychopathology and maladaptive social 
functioning than children from high SES background although 
the association between SES and children's social and emotional 
development is not as consistent as the relationship with cognitive 
and academic attainment. 

The influence of SES across the different neurocognitive sys- 
tems is inconclusive and controversial. For example, Noble et al. 
(2007) propose that SES has a distinct impact over different 
executive functions (EF), defined as the cognitive functions that 
underlie goal-directed behavior (Barkley, 1997). Noble et al. 
(2007) found that SES was related to both the working mem- 
ory and the cognitive control system and those relations were 
fully mediated by either home and school environment (regarding 
working memory) or language skills (regarding cognitive con- 
trol). However, the reward processing system was not found to 
be associated with SES or any environmental variable, suggesting 
a complex interplay between SES and neurocognitive systems. In 
another study, Noble et al. (2005) reported that 5-years-old from 
low and middle SES were equally inclined to delay rewards dur- 
ing a delay of gratification task. According to Farah et al. (2006), 
SES has a different impact over the underlying neural circuits 
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of different neurocognitive systems depending on the specificity 
of each neural circuitry. In those terms, they argue that the 
circuitry underlying reward processing (orbitofrontal cortex — 
OFC) develops earlier than the other circuits of the prefrontal 
cortex, and thus SES would have a smaller impact over emotional 
cognition. Furthermore, while some studies have found SES fac- 
tors to be significantly associated with performance on complex 
decision-making tasks in pre-adolescents (Gao et al., 2012) and 
with a delay of gratification task in adolescents (Anokhin et al., 
2011) and adults (Green et al., 1996), other studies failed to find 
such association in kindergarteners (Noble et al., 2005), school- 
aged children (Noble et al., 2007), and adolescents (Olson et al, 
2007). 

To our knowledge, no study has assessed the relation between 
SES and affective decision-making in kindergartens (Zelazo and 
Muller, 2002; Kerr and Zelazo, 2004). Affective decision-making 
are decisions with emotional consequences that are marked by 
meaningful rewards and/or losses (Kerr and Zelazo, 2004). The 
process of decision making is also argued to demand more purely 
cognitive skills, such as attention and working memory, necessary 
to keep track over the consequences of previous choices (Dretsch 
and Tipples, 2008). Making decisions that will bring greater long- 
term gains instead of immediate rewards is a crucial skill that 
develops throughout childhood (Garon and Moore, 2004) and 
adolescence (Prencipe et al, 201 1), and it can predict future adap- 
tive behaviors (Mischel et al, 1988; Eigsti et al., 2006; McCabe 
et al, 2006; Casey et al, 201 1). 

The Iowa Gambling Task (IGT) is the most widely used 
paradigm to assess whether adolescents and adults are able to 
use past experiences to make advantageous decisions in the long 
run (Buelow and Suhr, 2009). Low performance on this task 
was first exhibited by patients with ventromedial prefrontal cor- 
tex (VM-PFC) lesions who exhibited real-world decision-making 
deficits but who did well on other tests of EF (Bechara et al., 
1994). Nonetheless, recent studies have found that working mem- 
ory and attention are also important for performance on the 
IGT (Hongwanishkul et al, 2005; Dretsch and Tipples, 2008). 
Furthermore, Yechiam et al. (2005) argued that performance on 
the IGT is related to attention to gains and losses, attention to 
recent outcomes and response sensitivity. Therefore, performance 
on the IGT encompasses both emotional and cognitive processes. 

Many studies have investigated the development of decision- 
making in kindergarten children, school-aged children and ado- 
lescents and have suggested a progressive development of the 
ability to make advantageous choices over the course of the task, 
resulting in greater long-term gains (Mata et al., 2011). Some 
studies that used a child-friendly version of the IGT to assess 
affective decision-making in young children demonstrated that 
there are marked improvements in affective decision-making dur- 
ing the preschool period (Kerr and Zelazo, 2004; Bunch et al, 
2007; Gao et al, 2009). For example, Kerr and Zelazo (2004) 
used the Children's Gambling Task (CGT), a two-deck version of 
the IGT, in which the number of happy faces on each card indi- 
cated the number of rewards (M&M chocolate candies) gained, 
whereas the number of sad faces indicated the number of rewards 
lost. Although 3-years-old children selected more cards from 
the disadvantageous deck, 4-years-old children chose more cards 
from the advantageous deck when compared to chance. The 



results of the study by Gao et al. (2009) confirmed those find- 
ings. It should be noted that findings from studies using the IGT 
and its variants as indices of affective decision-making during 
childhood and adolescence are marked by significant individ- 
ual differences in scores (Evans et al., 2004; Kerr and Zelazo, 
2004; Balodis et al, 2006; Huizenga et al, 2007; Hooper et al, 
2008). For example, although Kerr and Zelazo (2004) found evi- 
dence of a significant improvement in performance on the CGT 
between the ages of 3 and 4, the authors noticed considerable 
variability within each age group. Gao et al. (2009) also noted 
important individual differences in performance on this gambling 
task. This performance variability for the preschool years may be 
a result of several factors, such as SES and general intellectual 
level. 

In this sense, there have been countless debates on the extent 
to which general intellectual functioning maybe related to perfor- 
mance on affective decision-making tasks. Although many studies 
have failed to find any significant correlations between intellectual 
performance on tasks which are used to assess affective decision 
making (Crone and van der Molen, 2004; Hooper et al., 2004, 
2008; Hongwanishkul et al, 2005; Brand et al., 2007; Toplak et al, 
2010), other studies have found an association between intellec- 
tual levels and performance on these tasks (Demaree et al, 2010; 
Schutter et al., 2010; Suhr and Hammers, 2010; Willner et al., 
2010). Some studies support the notion that performance on the 
affective decision-making processes in childhood and adolescence 
and general intellectual functioning seem to be relatively disso- 
ciated (Crone and van der Molen, 2004; Hooper et al., 2004; 
Hongwanishkul et al, 2005; Brand et al, 2007; Toplak et al., 
2010). 

To our knowledge, Hongwanishkul et al. (2005) was the only 
study that investigated the association between intellectual abil- 
ity and performance of preschoolers on an affective decision- 
making task. They found that performance on the CGT and 
the Delay of Gratification Task were unrelated to general intel- 
lectual functioning in 3- to 5-years-old children. In that study, 
however, they used the Peabody Picture Vocabulary Test, a mea- 
sure of receptive vocabulary that evaluates primarily crystallized 
intelligence, to evaluate intellectual functioning. The cognitive 
processes that may be related to performance on gambling tasks 
are likely to be the ones associated with fluid intelligence; there- 
fore, we must further investigate such interactions in preschool 
children. 

It is important to note that almost all of the studies con- 
cerning the relationship between SES and EF were conducted 
in developed countries (e.g., Noble et al., 2005; Farah et al., 
2006; Biro et al, 2009). Noble et al. (2007) suggest that it is 
important to investigate if these results could be generalized to 
other cultures in which there is more heterogeneity in the dis- 
tribution of SES across the population. The present study aimed 
to investigate whether SES and general intellectual functioning 
were associated with affective decision-making in young chil- 
dren. In this way, we aimed to explain the significant individual 
differences in scores that characterize preschoolers' performance 
on gambling tasks. We hypothesized that performance on the 
task used to assess affective decision-making would be related to 
general intellectual functioning and SES. Furthermore, since gen- 
eral intellectual functioning is argued to be associated with SES 
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(Duncan et al., 1994), it was important to have an intellectual 
functioning measure to control its impact on performance on the 
affective decision-making task. 

METHODS 
PARTICIPANTS 

We tested 137 healthy children between the ages of 3 and 5 years 
old. There were 37 children aged 3 years (mean age = 44.05 
months, SD = 2.581, 19 males, 23 children with high SES), 50 
children aged 4 years (mean age = 53.64 months, SD = 3.515, 
29 males, 26 with high SES) and 50 children aged 5 years (mean 
age = 65.24 months, SD = 3.36, 29 males, 26 with high SES) from 
three public and three private kindergartens in Belo Horizonte, 
Brazil. All participants were normally developing children and 
were from different socioeconomic backgrounds, as shown in 
Table 1. 

MEASURES 

The Brazilian Criterion of Economic Classification (CCEB) 

SES was assessed using the Brazilian Criterion of Economic 
Classification (CCEB), according to the criteria established by 
the Brazilian Research Enterprises Association (ABEP, 2008). In 
Brazil, the CCEB is a widely used questionnaire in social and 
behavioral research that estimates the purchase power of families 
living in urban areas. It includes nine items that assess the avail- 
able resources at home and one item that assesses the education 
level of the householder, resulting in a scale ranging from 0 to 46 
points. Families are categorized into eight economic classes, from 
top to bottom: Al (42-46 points), A2 (35-41), Bl (29-34), B2 
(23-28), CI (18-22), C2 (14-17), D (8-16), and E (0-7). These 
classes are further divided into two main economic classes: high 
(A and B) and low (C, D, and E). The average monthly income 
for families classified as A (Al and A2) is U$4337.14 and B (Bl 
and B2) is US1599.84. The average monthly income for fami- 
lies classified as C (CI and C2), D, and E are U$632.5, U$351.72, 
and U$234.97, respectively. The CCEB also assesses the number of 
people living in the child's house and identifies the homeowner of 



the family. Data for six children (three 4-years-old children from 
private kindergartens: two girls and one boy, and three children 
from public kindergartens: two 3-years-old girls and one 4-years- 
old girls) were missing because their parents did not fill out the 
questionnaire. 

Children's Gambling Task-Br (CGT-Br) 

Affective decision-making was measured by the CGT — Brazilian 
Version (CGT-Br). The difference between the CGT (Kerr and 
Zelazo, 2004) and its Brazilian version lies in their manual and 
computerized applications, respectively. The CGT-Br (Figure 1) 
includes two decks of fifty-three cards each and a box placed 
between them representing the 10 ml glass cylinder that holds 
the candies, which is presented on the center of a white com- 
puter screen. The back of one deck is covered with black diagonal 
lines, while the back of the other deck is covered with horizontal 
and vertical lines. The front of the cards from both decks is then 
divided in half. Before the experimenter reveals the bottom half of 
each card, he needs to click on the post-it to reveal any sad faces, 
which simulates the study conducted by Kerr and Zelazo (2004). 
Cards from the deck with the diagonal lines always provide two 
rewards, which are represented by happy yellow faces, and either 
zero or one loss, which are represented by sad red faces. Cards 




FIGURE 1 | Sample card from the disadvantageous deck of the 
Children Gambling Task-Br. 



Table 1 | Socioeconomic characteristics of children from high and low SES 8 . 





Children from public 


Children from private 


f orx 2 


p (two-tailed) 




kindergartens [N = 59) 


kindergartens [N = 75) 








Mean [SD) or Count (Percentage) 


Mean [SD) or Count (Percentage) 






Score - Number of resources at home 


6.85 


13.09 


13.56 


0.000 




0-3 


1 (1.8) 


1 (1.3) 


66.71 


0.000 


4 


11 (19.6) 


0 






8 


24 (42.9) 


4 (5.3) 






12 


17 (30.4) 


19 (25.3) 






16 or more 


3 (5.4) 


51 (68.0) 








0-4 


35 (64.8) 


33 (82.7) 


10.87 


0.15 


5 or more 


19 (35.3) 


13 (17.2) 






Total score on the CCEB 


17.31 


32.48 


16.15 


0.000 



Measured by the Brazilian Criterion of Economic Classification (CCEB). 
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from the deck with horizontal and vertical lines always provide 
two rewards and losses of 0, 4, 5, or 6 candies. Therefore, the deck 
with diagonal lines is advantageous in the long-run, whereas the 
deck with horizontal and vertical lines is disadvantageous. The 
order of the cards in each deck was the same as that of Kerr and 
Zelazo (2004), as shown in Table 2. 

Procedures and instructions were based on Kerr and Zelazo 
(2004). The rewards were M&Ms, the same used in the original 
study. After giving one reward to motivate children to play, the 
demonstration trials were started. In this stage, the experimenter 
would make three consecutive choices from the disadvantageous 
deck, follow by three consecutive choices from the advantageous 
deck, showing the children the gain and losses for each choice. 
Following the demonstration trials, an initial stake of lOM&Ms 
was given to the children. The task would then be started and the 
children had to choose across 50 test trials, which were divided 
into five blocks of ten card choices. In both demonstration and 
test trials, the experimenter announced the number of candies 
won, placed them on the happy faces and then put them on the 
table next to the computer. In addition, candies were added to 
a glass cylinder presented on the computer screen to force chil- 
dren to focus on the candies gained. When children lost rewards, 
candies were removed, placed on the top of the sad faces and 
returned to a yellow box. The removal of candies could also be 
observed in the cylinder on the computer screen. At the end of 
the game, the children were asked which deck was better and why, 
and they received a packet of M&Ms candies for their partici- 
pation independent of the amount of M&Ms they gathered in 
the task. It is worthy of note that participants were instructed 
that they would win the amount of candies they gathered as Kerr 
and Zelazo (2004) did, but that all participants won the same 
amount of M&Ms. This information was clarified in the infor- 
mant consent sent to the parents. As the dependent variable, we 
used the proportion of advantageous choices minus the number 
of disadvantageous choices made throughout the 50 trials. 

Columbia Mental Maturity Scale (CMMS) 

The general intellectual ability of the participants was mea- 
sured using the Columbia Mental Maturity Scale (CMMS) 
(Burgemeister et al, 1954). The CMMS is a measure of non- 
verbal cognition, which is related to different measures of intelli- 
gence, such as the Raven's Progressive Matrices and the Wechsler 



Intelligence Scale for Children (Barratt, 1956). The CMMS is 
designed to evaluate children between the ages of 3 years and 
6 months to 9 years and 1 1 months old. It includes 92 items orga- 
nized into eight age levels (A, B, C, D, E, F, G, and H); the child 
performs the segment of the test according to his or her chrono- 
logical age. Therefore, depending on the level of the child, 55 to 
66 items are presented. Each item includes a series of three to 
five concrete or abstract pictures printed on a card of 6 x 9 in. 
For each item, the child must point to the picture that is not 
related to the other ones. Because the number of items is dif- 
ferent depending on the level of the child, scores were converted 
to z-scores relative to the distribution of the children, consider- 
ing their ages by 6 to 6 months. Nine children (three 3-years-old 
girls, two 3-years-old boys, two 4-years-old girls, one 4-years-old 
boy, and one 5-years-old girl) from public schools were excluded 
because they could not understand the examples. These children 
were not part of the 137 children who participated. 

PROCEDURES 

An informed consent form was sent to the parents of the chil- 
dren with the help of school's teachers and coordinators. After 
the parents filled out the form, the children were tested using the 
CGT-Br and the CMMS. The tests were applied individually in a 
50-min session in a quiet room of their school. Half of the chil- 
dren were first evaluated by the CGT-Br, whereas the other half 
began with the CMMS. The children were allowed to have a short 
break before beginning the second task. In addition, parents were 
also required to fill out the CCEB, which was sent together with 
the informed consent form. 

This study was approved by the Research Ethics Committee 
of the Federal University of Minas Gerais (ETIC 51 1-09-UFMG), 
Belo Horizonte, MG, Brazil. 

RESULTS 

The data were analyzed as proposed by Kerr and Zelazo (2004). 
The primary dependent measure was whether children made an 
advantageous or disadvantageous choice in each trial. The 50 test 
trials were divided into five blocks of 10 cards each. Proportion 
scores were used to analyses performance across blocks. The pro- 
portion of advantageous choices per block minus the proportion 
of disadvantageous choices per block was computed for each of 
the five blocks in the task. Positive differences in scores revealed 



Table 2 | Outcomes associated with each card in the advantageous and disadvantageous decks. 
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47 
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more advantageous choices, whereas negative differences revealed 
more disadvantageous choices. Means and standard deviation by 
SES groups are shown in Table 3. 

Differences in scores were analyzed using a 3 (age: 3 vs. 4 vs. 
5 years) x 5 (blocks 1-5) x 2 (high SES vs. low SES) mixed 
model analysis of variance (AN OVA). Since the performance on 
CMMS was found to be lower for the low SES group in compar- 
ison to the high SES group, £(132) = —4.186, p < 0.001, we used 
performance on the CMMS as a covariate on the mixed model 
analysis. This analysis showed a significant effect of age 105) = 
10.55, p < 0.001 and block % 420 ) = 6.19, p < 0.001, which 
indicates that performance on the CGT-Br is associated with age, 
and that the number of advantageous minus disadvantageous 
choices differs among the blocks of the task independently of 
the other variables. The main effect of SES barely missed reach- 
ing the conventional significance level, F(i, 105) = 13.8, p = 0.07. 
This analysis also showed a significant Age x Block interaction, 
F(3.074, 322.77) = 4.63, p < 0.001 and a significant Block x SES 
interaction F(3.o74, 322.77) = 3.84, p = 0.01 (Greenhouse-Geisser 
adjusted). No other significant interactions were found and there 
was no main effect of CMMS over the model. Sex was not 
included in the model because its effect on performance on the 
CGT-Br and its interaction with performance on the CMMS and 
SES were insignificant. 

Tests of simple effects indicated that scores increased 
across blocks for 4-years-old, -F(3.o74, 150. 626) = 8.64, p < 0.001 
and 5-years-old, £(3.074, 115.275) = 8.31, p < 0.001, but not 
for 3-years-old, £(3.074, no.664) = 1-97, p = 0.113 (Greehouse- 
Geisser adjusted). Children aged 5 made more advantageous 
choices than did children aged 3 on block 5, F { 



20.88. 

(1, 85) = 



(1, 85) 

It also revealed statistical trends for the blocks 3, F, 
7.75, p = 0.007, and 4, F (h 85) = 7.66, p = 0.007. To correct 
for the effect of multiple tests on the probability of a type I 
error, a significance cut-off of p < 0.003 was adopted, which 
was related to the Bonferroni correction for five tests (0.05/15 = 
0.003). The same significance value was adopted for compar- 
ing block performances between 3- and 4-years-old children. 
Children aged 4 made more advantageous choices than did 
children aged 3 on block 5, 85) = 20.46, p < 0.001. It also 
revealed statistical trend for the block 4, Fq. 85) = 9.13, p = 
0.003. Conversely, 4- and 5-years-old children performed simi- 
larly on all blocks of the task. Mean values and standard errors 
for each of the 5 blocks for each age group are presented in 
Figures 2, 3. 

We used the f-distribution to compare mean values for each 
age group and blocks to the expected mean values based on 



random responding (i.e., 0). Three-years-old mean scores did not 
differ from chance. Four-years-old mean scores were significantly 
higher than chance for blocks 4, £(49) = 4.18, p < 0.001, and 5, 
t(49) = 4.55, p < 0.001. Five-years-old mean scores were signifi- 
cantly higher than chance for blocks 3, £(49) = 2.69, p = 0.01, 4, 
£ ( 49) =4.16,p < 0.001, and 5, £ (49 ) = 4.59,p < 0.001. 

Because the Block x SES interaction F(3.o74, 322.77) = 3.84, 
p = 0.01 (Greenhouse-Geisser adjusted) was significant, we pro- 
ceeded to make a series of comparisons between low and high SES 
children. Children from the high SES group made more advanta- 
geous choices than children from the low SES group only on the 
last block of the task, £(1.537, 80.692) = 5.17, p = 0.025. Mean val- 
ues and standard errors for each of the 5 blocks for each age group 
and SES are presented in Figure 3. 

To investigate children's awareness of the game, they were 
asked the following question by the experimenter after they fin- 
ished the task: "Which deck is the best to pick cards from?" 
Among 3-years-old, 16 of 35 children selected the advantageous 
deck (13 high SES children, 10 boys). Among four-year-olds, 25 
of 47 children selected the advantageous deck (15 high SES chil- 
dren, 14 boys). Among 5-years-old, 26 of 50 children selected 
the advantageous deck (14 high SES children, 16 boys). A chi- 
square analysis of the children who chose the advantageous deck 
as the answer showed that the percentage of high SES children was 
higher than the percentage of low SES children x 2 (l> N = 67) = 
4.31,p = 0.038. 
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FIGURE 2 I Performance of each of the 3 aged groups across blocks. 



Table 3 | Descriptive statistic for the CGT-Br net score by SES and age groups. 

Population High SES Low SES 

3 years-old 4 years-old 5 years-old 3 years-old 4 years-old 5 years-old 3 years-old 4 years-old 5 years-old 

(n = 37) (n = 50) (n = 50) (n = 23) (n = 26) (n = 26) (n=14) (n = 24) (n = 24) 



Mean -1.30 5.12 6.36 0.35 7.31 5.46 -4.00 2.86 7.33 

SD 7.50 7.68 9.16 6.46 9.21 10.35 8.52 5.04 7.77 



www.frontiersin.org 



June 2013 | Volume 7 | Article 68 | 5 



Mata et al. 



Performance on a decision-making task 



§ I 



o 

GO 

re 

C 

re 
> 



0,8 
0,6 
0,4 
0,2 



3 

■o 

a o 

° -0,2 
|-0,4 

I 



0,6 



§■£ -0,8 
£ -1 



Low SES 



-3-year-olds 
-4-year-olds 
- 5-year-olds 




2 3 4 
Trial Block 



High SES 



-3-year-olds 
-4-year-olds 
- 5-year-olds 




Trial Block 



FIGURE 3 | Performance of each of the 3 aged groups according to SES groups. 



We performed an age-partialled correlation to test whether 
performance on CMMS was related with the CGT net score. This 
correlation failed to reach significance (r = 0.075, p = 0.387). 

DISCUSSION 

The present study is, to our knowledge, the first to investigate the 
association between socioeconomic levels and the development of 
affective decision-making during the preschool years. A comput- 
erized version of the CGT (Kerr and Zelazo, 2004) was developed 
for this purpose. Overall performance did not differ statistically 
significantly between SES groups. This is consistent with the 
notion of an early maturation of the VM-PFC (Fuster, 2002), 
which is responsible for CGT performance, and is consequently 
less influenced by SES factors. However, our findings showed that 
children with high SES performed better on the last block of the 
gambling task in comparison to children with low SES. This find- 
ing may be interpreted as the high SES children's stronger ability 
to inhibit and recall previous experiences of gains/losses and to 
adjust their performance across trials on the basis of informa- 
tion about past results. According to Gao et al. (2009), the ability 
to learn the gain/loss contingency is important when predicting 
future scenarios and being motivated by the affective aspects of 
those representations. Furthermore, the better performance of the 
high SES group in the last block of the task may also be related 
to other components of EF whose development may contribute 
to performance on the affective decision-making task, such as 
working memory (Hongwanishkul et al, 2005). It is according to 
an additional relationship between decision-making task perfor- 
mance and later developing control processes depending on the 
maturation of the dorsolateral prefrontal cortex (DL-PFC). 

As mentioned previously, few studies have analyzed the asso- 
ciation between SES and the affective/motivational aspects of EF. 
Anokhin et al. (2011) used the delay discounting paradigm in a 
sample of twin adolescents from different SES and found that 
adolescents from lower-income families tended to choose more 
immediate, but smaller rewards, in comparison to adolescents 



from higher-income families. The authors proposed a causal rela- 
tionship between the tendency to discount delayed rewards and 
SES, arguing that such a relationship is genetically mediated 
because individuals who are genetically predisposed to making 
impulsive decisions are more likely to be from lower-income fam- 
ilies. Nonetheless, the way the environment and biology interact, 
along with cognitive development, is still unclear, and epigenetic 
mechanisms can also mediate such relationships. 

A strong association between performance on EF tasks and 
socioeconomic background is expected (Noble et al., 2005, 2007) 
due a greater susceptibility to environmental influences presented 
by the brain systems with protracted postnatal development 
such as the prefrontal regions that underlie executive function- 
ing (Casey et al., 2000). However, a number of studies failed to 
find a relationship between SES and delay of gratification tasks, 
whereas a relationship was found between the more purely cog- 
nitive aspects of EF such as working memory and SES factors 
(Noble et al, 2005, 2007; Farah et al., 2006). According to Farah 
et al. (2006), a neurobiological hypothesis that could explain this 
dissociation is that throughout brain development, the VM-PFC, 
which is related to the more motivational/affective EF, is char- 
acterized by earlier maturation in comparison to the DL-PFC, 
which is related to the purely cognitive EF, such as working mem- 
ory, inhibitory control, mental flexibility which are less related to 
emotional and motivational processes (Fuster, 2002). Therefore, 
it is possible that a longer period of development leaves the DL- 
PFC more susceptible to the numerous environmental influences 
that accompany SES. The current finding that CGT performance 
is associated to SES raises several questions that need to be 
addressed in future studies. For instance, the relationship between 
the development of the different sectors of the prefrontal cortex 
and the possible influence of the environment still needs to be 
investigated. 

The differences between our results and those reported by 
Farah et al. (2006) might be explained by the assessment method 
used. Farah et al. (2006) used the delay of gratification task, which 
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is simpler than the CGT. The CGT involves cost-benefits analysis 
and decision under ambiguity and risk. Furthermore, it is impor- 
tant to note that some studies have reported that affective decision 
making, as assessed by IGT and its variants for evaluation in child- 
hood and adolescence, is in some way associated with working 
memory (Bechara et al., 2000; Hongwanishkul et al., 2005) and 
inhibitory control (Crone et al, 2005), and the DL-PFC would 
thus have a greater impact over this task. 

Another possible explanation for our results might be related 
to the association between SES and differences in declarative 
memory development (Noble et al., 2005, 2007), a cognitive func- 
tion subserved by the hippocampus and important for creating 
and adapting the relational representation between the decks and 
its rewards and punishments in the IGT (Gupta et al., 2009). 
Gupta et al. (2009) found that participants with amnesia due 
to bilateral hippocampal damage were unable to choose more 
cards from the advantageous decks in the gambling task sug- 
gesting that the hippocampus also contributes to advantageous 
decision-making as measured by the IGT. It is thus possible that 
the differences in the declarative memory development between 
children from low and high SES can explain the better perfor- 
mance of the latter in the CGT-Br. Future studies should address 
this issue. It is also possible that the children who participated 
in our study were from a lower socioeconomic home and school 
environment in comparison to those of Farah et al. (2006). 

In the present study, performance on the task improved sig- 
nificantly between 3- and 4-years-old but not between 4- and 5 
years-old. Four-year-olds performed significantly above chance 
on blocks 4 and 5 whereas 5-years-old performed significantly 
above chance on blocks 3, 4, and 5 of the CGT-Br. Three-years-old 
mean scores did not differ from chance. Therefore, it is important 
to note that the difference between age groups seems to be mostly 
driven by the difference between children who favored the advan- 
tageous deck and those who chose randomly. Brazilian children 
between the ages of 4 and 5 years old completed the computerized 
task in the same way as children who were tested in previous stud- 
ies that used the original version of the CGT (Kerr and Zelazo, 
2004; Hongwanishkul et al., 2005). This finding is consistent with 
the notion that the affective components of EF develop rapidly 
during the first 5 years of life (Zelazo and Muller, 2002) and may 
reflect continuing growth of the neural systems involving the OFC 
(Kerr and Zelazo, 2004). Our findings may also be interpreted 
when considering the development of working memory, atten- 
tion and inhibitory control in this period and their impact on 
performance on gambling tasks (Hongwanishkul et al., 2005). 

The results of the present study demonstrated that perfor- 
mance on the CMMS, a measure of fluid intelligence used to eval- 
uate general intellectual functioning, was not related to affective 
decision-making. This finding was similar to those found in pre- 
vious studies (Crone and van der Molen, 2004; Hongwanishkul 
et al, 2005; Brand et al, 2007; Hooper et al, 2008; Toplak et al, 
2010). An explanation for the lack of association between gen- 
eral intellectual functioning and the CGT-Br presented in our 
study can be found in Hongwanishkul et al. (2005). These authors 
argued that although the more purely cognitive aspects of EF 
may be related to standard measures of intelligence, the affec- 
tive components of the EF such as affective decision-making may 



be associated with emotional intelligence. It is also important to 
note that the use of a fluid intelligence measure to analyze the 
association between general intellectual functioning and affective 
decision-making in the present investigation makes an addition 
to the previous study with preschoolers that examined such asso- 
ciation using a crystallized intelligence measure (Hongwanishkul 
et al., 2005). 

Although the present study suggests possible differences in 
performance on the CGT-Br for children from different socioe- 
conomic backgrounds, these results should be interpreted with 
caution because we only considered the number of resources at 
home, years of schooling of the homeowner and the number of 
people living in the child's house as SES factors. Furthermore, 
as in previous studies, the present study found notable individ- 
ual differences in performance on the CGT-Br within each age 
group. Therefore, in addition to general intellectual function- 
ing and socioeconomic factors, the influence of other potential 
contributors to performance on gambling tasks, such as person- 
ality, working memory, inhibitory control, delayed gratification, 
other EF, understanding of probabilities and parental engage- 
ment of children in everyday decision-making (Xiao et al, 2011) 
should be studied to investigate the great individual variability 
that characterizes performance on the CGT. Investigation of such 
performance variability in preschoolers may have an important 
role in understanding the processes behind affective decision- 
making. Another limitation of our study is that we had a smaller 
three-years-old group size compared to the other age groups, 
which may indicate low statistical power. It did not appear to be 
a critical issue, however, because we found significant differences 
between the different age groups. 

In conclusion, regardless of the limitations already mentioned, 
the present study made important contributions to our under- 
standing of the development of affective decision-making in 
young children. Our study did not find a relationship between 
affective decision-making and general intellectual functioning. 
On the other hand, our results indicated that differences in 
performance on affective decision-making tasks are related to 
socioeconomic background. Such knowledge may provide a new, 
specific target for intervention programmes in early childhood. 
As suggested by Noble et al. (2005), many randomized and con- 
trolled trials have demonstrated that intervention is capable of 
reducing the differences in performance between children from 
different socioeconomic backgrounds. Furthermore, it is impor- 
tant to note that intervention programmes are also an experi- 
mental design that permits researchers to test hypotheses about 
SES and affective decision-making. By using efficient interven- 
tion programmes, future studies can determine whether SES is 
related to the more affective or merely cognitive components of 
affective decision-making. In addition to genetic factors, future 
studies should also seek more specific causal factors in the envi- 
ronments of children from low socioeconomic background, such 
as parental stress, availability and parenting techniques that could 
be responsible for the results that we found. 

ACKNOWLEDGMENTS 

The Grant INCT-MM (FAPEMIG: CBB-APQ-00075-09/CNPq 
573646/2008-2). 



www.frontiersin.org 



June 2013 | Volume 7 | Article 68 | 7 



Mata et al. 



Performance on a decision-making task 



REFERENCES 

Anokhin, A. P., Golosheykin, S., Grant, 
J. D., and Heath, A. C. (2011). 
Heritability of delay discounting 
in adolescence: a longitudinal twin 
study. Behav. Gent. 41, 175-183. doi: 
10.1007/sl0519-010-9384-7 

Associacao Brasileira de Empresas 
de Pesquisa - ABEP. {2008). 
Criteria de Classificacao Economica 
Brasil (CCEB). Retrieved from: 
http://www.abep.org/novo/Content. 
aspx?ContentID=139. doi: 10.2337/ 
dcl2-s011 

Balodis, I. M., MacDonald, T. K., 
and Olmstead, M. C. {2006). 
Instructional cues modify per- 
formance on the Iowa Gambling 
Task. Brain Cogn. 60, 109-117. doi: 
10.1016/j.bandc.2005.05.007 

Barkley, R. A. (1 997) . Behavioral 
inhibition, sustained attention, 
and executive functions: construct- 
ing a unifying theory of ADHD. 
Psychol Bull 121, 65-94. doi: 
10.1080/09297040490916938.285 

Barratt, E. S. (1956). The relationship 
of the Progressive Matrices (1938) 
and the Columbia Mental Maturity 
Scale to the WISC. /. Consult. 
Psychol 20, 294-296. doi: 10.1037/ 
h0049229 

Bechara, A., Damasio, A. R., 
Damasio, H., and Anderson, 
S. W. (1994). Insensitivity to 
future consequences following 
damage to human prefrontal 
cortex. Cognition 50, 7-15. doi: 
10.1016/j.neuroimage.2004.08.028 

Bechara, A., Damasio, H., and 
Damasio, A. R. L. (2000). 
Emotion, decision making 
and the orbitofrontal cortex. 
Cereb. Cortex 10, 295-307. doi: 
10.1093/cercor/10.3.295 

Biro, M., Smederevac, S., and Tovilovic, 
S. (2009). Socioeconomic and 
cultural factors of low scholastic 
achievement of Roma children. 
Psihologija 42, 273-288. doi: 
10.2298/PSI0903273B 

Bradley, R. H., and Corwyn, R. F. 
(2002). Socioeconomic status and 
child development. Annu. Rev. 
Psychol 53, 371-399. doi: 10.1146/ 
annurev.psych.53. 100901. 135233 

Brand, M., Grabenhorst, E, Starcke, 
K., Vandekerckhove, M. M., 
and Markowitsch, H. J. (2007). 
Role of the amygdale in deci- 
sions under ambiguity and 
decisions under risk: evidence 
from patients with Urbach- 
Wiethe disease. Neuropsychologia 
45, 1305-1317. doi: 10.1016/ 
j.neuropsychologia.2006.09.02 1 

Buelow, M. T., and Suhr, J. A. (2009). 
The construct validity of the Iowa 
Gambling Task. Neuropsychol Rev. 



19, 102-114. doi: 10.1007/sll065- 
009-9083-4 

Bunch, K. M., Andrews, G., and 
Halford, G. S. (2007). Complexity 
effects on the children's gambling 
task. Cogn. Dev. 22, 376-383. doi: 
10.1016/j.cogdev.2007.01.004 

Burgemeister, B. B., Blum, L. H., 
and Lorge, I. (1954). Manual for 
Columbia Mental Maturity Scale. 
Yonkers, NY: World Book Co. 

Casey, B. J., Giedd, J. N., Thomas, 
K. M. (2000). Structural and func- 
tional brain development and its 
relation to cognitive development. 
Biol. Psychol. 54, 241-257. doi: 
10.1016/S0301-051 1(00)00058-2 

Casey, B. J., Somerville, L. H., Gotlibb, 
I. H., Ayduck, O., Franklin, 
N. T, and Shoda, Y. (2011). 
Behavioral and neural corre- 
lates of delay of gratification 40 
years later. Proc. Natl. Acad. Sci. 
U.S.A. 108, 14998-15003. doi: 
10.1073/pnas.ll08561108 

Crone, E. A., Bunge, S. A., Latenstein, 
H., and van der Molen, M. 
W. (2005). Characterization 
of children's decision making: 
sensitivity to punishment fre- 
quency, not task complexity. Child 
Neuropsychol. 11, 245-263. doi: 
10.1080/092970490911261 

Crone, E. A., and van der Molen, 
M. W. (2004). Developmental 
changes in real life decision mak- 
ing: performance on a gambling 
task previously shown to depend 
on the ventromedial prefrontal 
cortex. Dev. Neuropsychol. 25, 
251-279. doi: 10.1207/sl53269 
42dn2503_2 

Cunningham, W. A., and Zelazo, P. 
D. (2010). "The development of 
iterative reprocessing: implications 
for affect and its regulation," in 
Developmental Social Cognitive 
Neuroscience, eds P. D. Zelazo, 
M. Chandler, and E. A. Crone 
(Mahwah, NJ: Lawrence Erlbaum 
Associates), 81-98. 

Demaree, H. A., Burns, K. J., 
and DeDonno, M. A. (2010). 
Intelligence, but not emotional 
intelligence, predicts Iowa 
Gambling Task performance. 
Intelligence 38, 249-254. doi: 
10.1016/j.intell.2009.12.004 

Dretsch, M. N., and Tipples, J. (2008). 
Working memory involved in pre- 
dicting future outcomes based on 
past experiences. Brain Cogn. 66, 
83-90. doi: 10.1016/j.bandc.2007. 
05.006 

Duncan, G. J., and Brooks-Gunn, 
J. (2000). Family poverty, wel- 
fare reform, and child develop- 
ment. Child Dev. 71, 188-196. doi: 
10.1111/1467-8624.00133 



Duncan, G. J., Brooks-Gunn, J., and 
Klebanov, P. K. (1994). Economic 
deprivation and early childhood 
development. Child Dev. 65, 
296-318. 

Eigsti, I. M., Zayas, V., Mischel, W., 
Shoda, Y., Ayduk, O., and Dadlani, 
M. (2006). Predicting cognitive 
control from preschool to late 
adolescence and young childhood. 
Psychol. Sci. 17, 478-484. doi: 
10.1 1 1 1/j. 1467-9280.2006.01732.X 

Evans, C. E. Y, Kemish, K., 
and Turnbull, O. H. (2004). 
Paradoxical effects of educa- 
tion on the Iowa Gambing Task. 
Brain Cogn. 54, 240-244. doi: 
10.1016/j.bandc.2004.02.022 

Farah, M. J., Shera, D. M., Savage, 
J. H., Betancourt, L., Giannetta, J. 
M„ Brodsyc, N. L., et al. (2006). 
Childhood poverty: specific associ- 
ations with neurocognitive develop- 
ment. Brain Res. 1110,166-174. doi: 
10.101 6/j.brainres.2006.06.072 

Fuster, J. M. (2002). Frontal lobe 
and cognitive development. 
/. Neurocytol. 31, 373-385. doi: 
10.1023/A:1024190429920 

Gao, S., Wei, Y, Bai, J., Lin, C, 
and Li, H. (2009). Young chil- 
dren' affective decision-making in 
a gambling task: does difficulty in 
learning the gain/loss schedule mat- 
ter? Cogn. Dev. 24, 183-191. doi: 
10.1037/a0026342 

Gao, Y, Baker, L. A., Raine, A., Wu, 
H., and Bezdjian, S. (2012). Brief 
report: Interaction between social 
class and risky decision-making in 
children with psychopathic tenden- 
cies. /. Adolesc. 32, 409-414. doi: 
10.1016/j.adolescence.2008.09.001 

Garon, N., and Moore, C. (2004). 
Complex decision -making in 
early childhood. Brain Cogn. 55, 
158-170. doi: 10.1016/S0278-2626 
(03)00272-0 

Green, L., Myerson, J., Lichtman, 
D., Rosen, S., and Fry, A. 
(1996). Temporal discounting 
in choice between delayed rewards: 
the role of age and income. 
Psychol Aging 11, 79-84. doi: 
10.1037/0882-7974.11.1.79 

Gupta, R., Duff, M. C, Denburg, N. 
L., Cohen, N. J., Bechara, A., and 
Tranel, D. (2009). Declarative 
memory is critical for sus- 
tained advantageous complex 
decision-making. Neuropsychologia 
47, 1686-1693. doi: 10.1016/ 
j.neuropsychologia.2009.02.007 

Hongwanishkul, D., Happaney, K. 
R., Lee, W. S. C, and Zelazo, 
P. D. (2005). Assessment of hot 
and cool executive function in 
young children: age-related changes 
and individual differences. Dev. 



Neuropsychol. 28, 617-644. doi: 
10.1207/sl5326942dn2802_4 

Hooper, C. J., Luciana, M., Conklin, 
H. M., and Yarger, R. S. (2004). 
Adolescents' performance on 
the Iowa Gambling Task: impli- 
cations for the development of 
decision making and ventro- 
medial prefrontal cortex. Dev. 
Psychol 40, 1148-1158. doi: 
10.1037/0012-1649.40.6.1148 

Hooper, C. J., Luciana, M., Wahlstrom, 
D., Conklin, H. M., and Yarger, 
R. S. (2008). Personality corre- 
lates of Iowa Gambling Task per- 
formance in healthy adolescents. 
Pers. Individ. Dif. 44, 598-609. doi: 
10.1016/j.paid.2007.09.021 

Huizenga, H. M., Crone, E. A., and 
Jansen, B. G. (2007). Decision- 
making in healthy children, adoles- 
cents and adults explained by the 
use of increasingly complex pro- 
portional reasoning rules. Dev. Sci. 
10, 814-825. doi: 10.1 1 1 l/j.1467- 
7687.2007.00621.x 

Kerr, A., and Zelazo, P. D. (2004). 
Development of "hot" exec- 
utive function: the Children's 
Gambling Task. Brain Cogn. 55, 
148-157. doi: 10.1016/S0278- 
2626(03)00275-6 

Lawlor, D. A., Najman, J. M., Batty, G. 
D., O'Callaghan, M. J., Williams, G. 
M., and Bor, W. (2006). Early life 
predictors of childhood intelligence: 
findings from the Mater-University 
study of pregnancy and its out- 
comes. Paediatr. Perinat. Epidemiol. 

20, 148-162. doi: 10.1111/j.l365- 
3016.2006.00704.x 

Mata, F. G., Neves, F. S., Lage, G. M., 
Moraes, P. H. P., Mattos, P., Fuentes, 
et al. (2011). Neuropsychological 
assessment of the decision mak- 
ing process in children and ado- 
lescents: an integrative review of 
the literature. Rev. Bras. Psiquiatr. 
38, 106-115. doi: 10.1027/1614- 
0001/a000057 

McCabe, S. E., Cranford, J. A., 
Morales, M., and Young, A. (2006). 
Simultaneous and concurrent poly- 
drug use of alcohol and prescription 
drugs: prevalence, correlates, and 
consequences. /. Stud. Alcohol 67, 
529-537. 

Mischel, W., Shoda, Y, and Peake, P. 
K. (1988). The nature of adolescent 
competencies by preschool delay of 
gratification. /. Pers. Soc. Psychol. 54, 
687-696. 

Noble, K. G., Farah, M. J., and 
McCandliss, B. D. (2006). 
Socioeconomic background mod- 
ulates cognition-achievement 
relationships in reading. Cogn. Dev. 

21, 349-368. doi: 10.1016/j.cogdev. 
2006.01.007 



Frontiers in Neuroscience | Decision Neuroscience 



June 2013 | Volume 7 | Article 68 | 8 



Mata et al. 



Performance on a decision-making task 



Noble, K. G., McCandliss, B. 
D., and Farah, M. J. (2007). 
Socioeconomic gradients predict 
individual differences in neu- 
rocognitive abilities. Dev. Sci. 10, 
464-480. doi: 10.1 1 1 1467- 
7687.2007.00600.x 

Noble, K. G., Norman, M. R, and 
Farah, M. J. (2005). Neuro cognitive 
correlates of socioeconomic sta- 
tus in kindergarten children. Dev. 
Sci. 8, 74-87. doi: 10.1 1 1 1/j. 1467- 
7687.2005.00394.x 

Olson, E. A., Hooper, C. J., Collins, 
P., and Luciana, M. (2007) . 
Adolescents' performance on 
delay and probability discount- 
ing tasks: contributions of age, 
intelligence, executive functioning 
and self-reported externalizing 
behavior. Pers. Individ. Dif. 43, 
1886-1897. doi: 10.1016/j.paid. 
2007.06.016 

Prencipe, A., Kesek, A., Cohen, J., 
Lamm, C, Lewis, M. D., and Zelazo, 
P. D. (2011). Development of hot 
and cool executive function during 
the transition to adolescence. /. Exp. 
Child Psychol. 108, 621-637. doi: 
10.1016/j.jecp.2010.09.008 



Schutter, D. J. L. G., van Bokhoven, 
I., Vanderschuren, L. J. L. J., 
Lochman, J. E., and Matthys, 
W. (2010). Risky decision mak- 
ing in substance dependent 
adolescents with a disruptive 
behavior disorder. /. Abnorm. 
Child Psychol. 39, 333-339. doi: 
10.1007/sl0802-010-9475-l 

Suhr, J., and Hammers, D. (2010). Who 
fails the Iowa Gambling Test (IGT)? 
Personality, neuropsychological, 
and near-infrared spectroscopy 
findings in healthy young con- 
trols. Arch. Clin. Neuropsychol. 25, 
293-302. doi: 10.1093/arclin/acq017 

Toplak, M. E., Sorge, G. B., Benoit, 
A., West, R. E, and Stanovich, 
K. E. (2010). Decision -making 
and cognitive abilities: a review 
of associations between Iowa 
Gambling Task performance, exec- 
utive functions, and intelligence. 
Clin. Psychol. Rev. 30, 562-581. doi: 
10.1016/j.cpr.2010.04.002 

Willner, P., Bailey, R., Parry, 
R., and Dymond, S. (2010). 
Performance in temporal dis- 
counting tasks by people with 
intellectual disabilities reveals 



difficulties in decision-making 
and impulse control. Am. J. 
Intellect. Dev. Disahil. 115, 
157-171. doi: 10.1352/1944- 
7558-115.2.157 

Xiao, L., Bechara, A., Palmer, P. H., 
Trinidad, D. R., Wei, Y., Jia, Y., et al. 
(2011). Parent-child engagement in 
decision -making and the develop- 
ment of adolescent affective deci- 
sion capacity and binge-drinking. 
Pers. Indiv. Differ. 51, 258-292. doi: 
10.1016/j.paid.2010.04.023 

Yechiam, E., Busemeyer, J. R., 
Stout, J. C, and Bechara, A. 
(2005). Using cognitive models 
to map relations between neu- 
ropsychological disorders and 
human decision-making deficits. 
Psychol. Sci. 16, 973-978. doi: 
10. 1 1 1 l/j.l467-9280.2005.01646.x 

Zelazo, P. D., and Muller, U. (2002). 
"Executive function in typical 
and atypical development," in 
Handbook of Childhood Cognitive 
Development, ed U. Goswami 
(Oxford: Blackwell), 445-469. 

Conflict of Interest Statement: The 

authors declare that the research 



was conducted in the absence of any 
commercial or financial relationships 
that could be construed as a potential 
conflict of interest. 



Received: 14 August 2012; accepted: 15 
April 2013; published online: 03 June 
2013. 

Citation: Mata F, Sallum I, Miranda 
DM, Bechara A and Malloy-Diniz LF 
(2013) Do general intellectual function- 
ing and socioeconomic status account for 
performance on the Children's Gambling 
Task? Front. Neurosci. 7:68. doi: 10.3389/ 
fnins.2013.00068 

This article was submitted to Frontiers 
in Decision Neuroscience, a specialty of 
Frontiers in Neuroscience. 
Copyright © 201 3 Mata, Sallum, 
Miranda, Bechara and Malloy-Diniz. 
This is an open-access article dis- 
tributed under the terms of the Creative 
Commons Attribution License, which 
permits use, distribution and repro- 
duction in other forums, provided 
the original authors and source are 
credited and subject to any copyright 
notices concerning any third-party 
graphics etc. 



www.frontiersin.org 



June 2013 | Volume 7 | Article 68 | 9 



